The efficacy of the Insect growth regulator (IGR) teflubenzuron (Nomolt 50 ULV) was evaluated against desert locust (DL) nymphs (3rd and 4th instars) during two seasons (2008 and 2009). All experiments were carried out under semi-field conditions, on irrigated plots planted with millet, and large cages (2x2x1m) and bomas (2x6x1m) were erected to enclose the test insects. The IGR was applied by means of a battery driven hand held (Micro ULVA) sprayer either as direct spray on the nymphs or as a simulated barrier treatment. The impact of the IGR on the feeding rate of the nymphs was investigated as well. The IGR was tested at the recommended dose (450ml/ha), and at fractional doses (225, 112.5 and 56.25ml/ha) in combination with Metarhizium anisopliae (Green Muscle®) at 50g/ha and the pheromone Phenyl Aceto Nitrile (PAN) 98% at 10ml/ha. Diesel was used as a dilutant in all formulations. Nomolt 450 m/ha resulted in 100% nymphal mortality in 20 days after treatment. The fractional doses of the IGR combined with the pheromone PAN, proved to be effective in the manipulation of nymphs, 100% mortality was obtained in 21, 20 and 21 days after treatment, in both seasons of the study. The fractional doses of the IGR combined with Metarhizium GM resulted in 100% mortality within 14 days of the treatment. Tests in bomas using barrier treatment in the 1 st season of the study revealed that the recommended dose of Nomolt applied on the nymphs resulted in 72.5, 88.5, 89 and 53% mortality after the 1 st , 6 th , 12 th and 24 th day after treatment respectively. Percentage mortality of 78.5, 68.5, 74 and 61.5 were achieved in the 2 nd season. The Nomolt either alone or in combined with PAN and GM revealed a clear negative impact on the feeding rate of nymphs.
INTRODUCTION
The desert locust Schistocerca gregaria (Forskal) is one of the most important pests due to its extensive and catastrophic damage to crops in large parts of Africa and Asia. During the upsurge (years [2003] [2004] [2005] which occurred in West Africa, nearly 130,000 km² were treated by ground and aerial operations. The costs of fighting this upsurge was estimated by the FAO to have exceeded US$400 million and harvest losses were valued at up to US$2.5 billion which had disastrous effects on the food security situation in West Africa (Ceccato, et al., 2007) . The major control strategy is based on the use of insecticides. All the insecticides sprayed had some potentially negative environmental effects. Rembold (1994) adverted to the rapidly increasing insect tolerance against any type of neurotoxic insecticide, and all insecticides given their wide spectrum of action undoubtedly had substantial side-effects on the non-target fauna (Müller, 1988) . Thus, alternative to these harmful pesticides must be found. Peveling, et al. (1994) showed that, there was no evidence of serious side-effects of the alternative control agents tested so far on epigeal arthropods when compared with conventional insecticides. One of these promising alternatives are insect growth regulators (IGRs) also called third-generation insecticides. The IGRs are pesticides that affect the development, reproduction, or metamorphosis of the target insect, thus stopping the life cycle and infestation. Chitin synthesis inhibitors (CSIs) have proven to be suitable replacements in locust control for organochlorine insecticides under field conditions. Teflubenzuron was found to be effective in barrier trials against Locusta migratoria capito, and has also been shown to be very effective in controlling hopper bands of Schistocerca gregaria (Lecoq, et al., 1988) The present work is carried out with the main following objectives:
 To elucidate the efficacy of the IGR Nomolt (in recommended and fractional doses) on the nymphs of the desert locust.
 To study the compatibility of the Nomolt with Metarhizium and the pheromone PAN.
 To test the efficacy of the Nomolt when applied in a simulated barrier treatment. th instars of desert locust nymphs were used in the trials. Some of these nymphs were transferred into large cages (4x2x2m) made from steel and wire mesh where they were kept for the continuity of desert locust rearing.
MATERIALS AND METHODS

Site
Control agents:
The IGR teflubenzuron (Nomolt 50 ULV) was tested at the recommended dose (450ml/ha), and in fractional doses (225, 112.5 and 56.25ml/ha) alone and combined with Metarhizium anisopliae (Green Muscle®) 50g/ha (recommended dose) and the pheromone Phenylacetonitrile (PAN) 98% 10ml/ha (recommended dose). Diesel was used as a dilutant in all formulations.
Experimental set-up : Trials were carried out under semi -field conditions on irrigated plots (2x2m) planted with millet and large bomas and cages were erected. Ten treatments replicated three times as listed below, were applied to randomly selected plots.
i.
Nomolt 450ml/ha (recommended dose).
ii. Nomolt 225ml + diesel 225ml + GM 11.5g.
iii. Nomolt 112.5ml + diesel 337.5ml + GM 11.5g.
iv. Nomolt 56.25ml + diesel 393.75ml + GM11.5g.
v. Nomolt 225ml + diesel 225ml + PAN4.5ml.
vi. Nomolt 112.5ml + diesel 337.5ml + PAN4.5ml.
vii. Nomolt 56.25ml + diesel 393.75ml + PAN4.5ml.
viii. Untreated Control.
The spraying technique: Hand held sprayer Micro ULVA, spinning disc type, operated by battery with tank capacity of one liter, was used for spraying the formulations. The calibration, spraying techniques and the parameters used for the pesticides spraying were as follows: The flow rate = 30 ml/minute, height of sprayer nozzle = 0.5 meter, disc speed = 7500 -8000 rpm, track space = 10m, the speed = 4km/hour, Volume application rate (VAR) =450ml/ha.
Methods of application
Direct spraying: Large cages (2x2x1 m) made from wood and wire mesh, were erected on irrigated plots planted with millet. The 3 rd and 4 th instars were released before 24hrs of the treatments. In each cage 75 nymphs were placed and then treated with different doses of the IGR Nomolt alone and combined with different formulations to evaluate their efficacy in controlling these nymphs.
Barrier spraying: Large bomas (2x6x1 m) were erected on irrigated plots planted with millet and the IGR Nomolt 450ml/ha (recommended dose) was applied in a localized strip within the boma, i.e. the treated strip was 2x2 meter, while the untreated area was 4x2 meter. The reared stages of desert locust (3rd and 4th instars) starved for 24 hours were released in the treated bomas and left for 24hrs. The nymphs were then removed to untreated cages for observations. This process was repeated 6, 12 and 24 days after the initial treatment.
Mortality inspection and control efficiency : Inspection was done daily for all cages. Dead insects due to treatment effected by the Nomolt or to cannibalism were picked out of the cage and recorded. Mortality was calculated for 21 days after treatment. Cadavers were collected for mycosis observation, from cages in which insects were treated with GM. Ten cadavers were incubated in Petri dishes containing wet filter paper and left at room temperature to trace the fungal sporulation.
The control efficiency of the different treatments was calculated using the formula of Henderson and Tilton (1955) :
Control efficiency = Where Tb and Cb = density before treatment in treated and control plots respectively; this is fixed; Ta and Ca = density after treatment in treated and control plots respectively. Control efficiency means were used to draw graphics.
Meteorological data: Relative humidity, temperature and wind speed were daily observed and reported every 2 hours. Mean (± STD) temperatures (T), relative humidity (RH) and wind speed (WS) meter/second during the experiments were as follows: Statistical analysis: The results were analyzed by analysis of variance (ANOVA) using SPSS software package vers.15. The Least Significance difference (LSD) was used to determine differences between treatments means.
RESULTS
Effect of the recommended dose of the IGR Nomolt and the fractional doses in combination with PAN on the nymphs: In season 1 (year 2008), the recommended dose of the Nomolt 450ml/ha resulted in a 100% mortality of the test insects on the 20 th days after treatment and the fractional doses of the Nomolt: 225ml/ha, 112.5ml/ha and 56.25ml/ha combined with PAN 10ml/ha (rec. dose) resulted in 100% mortality on the 21, 20 and 21 days after treatment respectively. Percentage mortalities of 74.2 85.8, 88.9 and 84.4% were respectively due to treatments. Cannibalism among test insects accounted for 25.8% 14.2, 11.1 and 15.6% mortality respectively in the different treatment was achieved (Table 1 ).
The control efficiency of the control agents under investigation are shown in Figure 1 .
In season 2 (year 2009) the recommended dose of the Nomolt resulted in a 100% mortality of the test insects on the 16 th days after treatment. Percentage mortality of 86.7 was achieved and 13.3% was attributed to cannibalism, while the fractional doses of the Nomolt combined with PAN proved their efficacy on desert locust manipulation. Hundred percentage mortality was achieved in 17, 15 and 14 days after treatment respectively. Of this 78.7, 83.1and 76% was due to treatment effected by the Nomolt and 21.3, 16.9 and 24% due to cannibalism ( Table 2 ). The control efficiency of the control agents under investigation are shown in Figure 2 . The Nomolt symptoms are characterized by hoppers dying while attempting to moult and they were deformed with missing limbs, soft to the touch and incapable of normal movement (Plate 2). Cannibalism and deformation in DL nymphs were very clear in treated cages with the Nomolt combined with PAN (Plate 3).
The fractional doses of the Nomolt combined with pheromone PAN were effective and there was no significant difference compared to the recommended dose of the Nomolt.
Effect of the fractional doses of the Nomolt combined with Metarhizium:
In season 1 the fractional doses of Nomolt (225, 112.5 and 56.25ml/ha) combined with GM, 100% mortality was achieved in 14 days, with no significant difference when different formulations were used. Out of this 100% mortality, 79.1, 88 and 88.4% was due to treatment effected by the Nomolt plus GM and 20.9, 12 and 11.6% due to cannibalism respectively (Table  3 ). The control efficiency of the control agents are illustrated in Figure 3 . Most of the cadavers showed typically GM symptoms which comprise dry cadaver and red color.
In season 2 the fractional doses of Nomolt (225, 112.5 and 56.25ml/ha) combined with GM, 100% mortality was achieved in 18, 17, and 15 days after treatment respectively. Out of this 100% mortality, 91.1, 86.7 and 81.3% was due to treatment effected by the Nomolt combined with GM, and 8.9, 13.3 and 18.7% due to cannibalism (Table 4 ). The control efficiency of the control agents are illustrated in Figure 4 . The statistical tests confirmed the effectiveness of the fractional doses of the IGR Nomolt combined with GM, and there was no significant difference with the recommended dose of the Nomolt.
Barrier treatment: Tests in bomas, utilizing Nomolt 450ml/ha (recommended dose) as barrier treatment revealed that the total mortality after 21 day, in nymphs exposed to the Nomolt after the 1 st , 6 th , 12 th and 24 th days after application was 72.5, 88.5, 89 and 53% respectively. Of this 67, 54, 62.5 and 52.5% was due to treatment effected by the Nomolt and percentages 5.5, 34.5, 26.5 and 0.5 due to cannibalism (Table 5) . The control efficiency of the control agent under investigation is revealed in Fig. 5 .
The barrier treatment with the Nomolt 450ml/ha during different days of exposure after treatment were effective, and there was no significant difference among the different days after treatment. The 1and 24 day after treatment were not significantly different from the control.
In season 2 tests in bomas, utilizing Nomolt 450ml/ha (recommended dose) as barrier treatment showed that the total mortality after 21day, in nymphs exposed to the (Table 6 ).
The control efficiency of the control agent under investigation is shown in Fig. 6 . There was no significant difference among the different days after treatment; however they were significantly different from control.
DISCUSSION
The use of the fractional doses (225ml/ha, 112.5ml/ha and 56.25ml/ha) of the IGR Nomolt in combination with pheromone PAN 10ml/ha, proved its efficacy on the DL nymphs, and in all cases superseded the effect of the recommended dose alone. This can reflect positively on reducing cost and environment hazards, particularly the quantity of the pheromone used in desert locust manipulation is very low, the recommended dose 10ml/ha i.e. less than 40 cents/ha (Rono et al., 2008) . Although semiochemicals have been successfully used in the field for the management of some pests, they are not generally considered to be sufficiently reliable in their action when used alone. They are effective when used as part of integrated control strategies (Smart et al., 1994) . The results indicated that a combination of the IGR Nomolt and GM enhanced the speed of action, and high mortality could be obtained with lower doses of Nomolt. The differences in the results of the trials during the two seasons could be attributed to the variation in weather factors such as temperature and relative humidity, particularly when the IGR Nomolt plus GM were tested. Field trials conducted by Hunter et al., (1999) and (2001), provided clear evidence of the efficacy of mycopesticides based on M. anisopliae var. acridum, depending on climatic conditions, the extreme day/night temperature fluctuations may impede fungal pathogenesis and increase the chances of survival in infected locusts (Peveling, 2007) .
The combination of the fractional doses of the IGR Nomolt with GM revealed more effectiveness, compared with the rest of the preparations. These findings agree with that report by Hassan and Charnley (1989) , Joshi et al. (1992) who argued that IGRs can weaken the cuticle and reduce resistance to fungal penetration. The IGR Nomolt proved to be more effective against DL nymphs as barrier treatment due to its long persistence. This can be reflected positively on reducing cost and environmental hazards. These results have been achieved within bomas with limited space and restriction of the movement of the test nymphs. Tests under real infestation and field conditions are needed to verify these results; however, Zehrer (1997) showed that insecticides represent the greatest cost factor in the control of locusts and grasshoppers in Madagascar. By using insect growth regulators in barrier treatment, control costs can be reduced by half. For example US$2.30/ha could be saved if 4000 ha were treated by this method. Bouaichi et al., (1994) also noted that barrier spraying allows large areas to be treated quickly and cheaply by spraying strips up to 2 km apart. Four parameters -spray swath, swath separation and the concentration and persistence of pesticide -all affect the outcome of barrier spraying. Insect growth regulators demonstrate both persistence and some selectivity. Diflubenzuron is one example of chitin synthesis inhibitors (Reynolds, 1987) that has up to six weeks, persistence in sahelian grassland (Sissoko, 1991) . The Nomolt has greater persistence, and is suitable for barrier treatment and should be applied against early hopper instars; however, it is not suitable for crop protection due to its slow action.
Tests have demonstrated the reduction in food consumed even at fractional doses of the IGR Nomolt when used alone or combined with pheromone PAN and GM. However, the combination of the IGR Nomolt with GM revealed clear effect on feeding rate of DL nymphs comparing with other formulations. These finding agreed with Grosscurt (1978) , Clark and Jewess (1990) who indicated that the Nomolt showed reduction of feeding and mobility and highly significant differences between treated and control cages were found.
